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SYSTEM FOR SENSING AMBIENT LIGHT 

Field of the Invention 

[0001] The present invention relates generally to sensing an ambient light level 
and more particularly to a system for precisely determining changes in the level of 
ambient light with multiple sensors. 

Description of the Related Art 

[0002] On many laptop computers, the brightness of the display is automatically 
adjusted according to the ambient light. A sensor detects the level of ambient light 
to determine the brightness of a display backlight. In this regard, in a bright 
environment, the brightness of the display backlight is increased in order to view 
the display easier. Similarly, in a dark environment, the brightness of the display 
backlight is reduced so that the display is not too bright for the user. Furthermore, 
the level of the ambient light detected by the sensor can be used to adjust the 
brightness of a keyboard illumination source which lights the keyboard. In dark 
environments the brightness of the keyboard illumination source is increased in 
order to view the keys easier. 

[0003] Two sensors can be used to detect the ambient light level in order to 
reduce the possibility of a hand shadowing one of the sensors. If only one sensor 
is used and a shadow crosses the sensor, then the resulting ambient light 
measurement from the single sensor will not be the true ambient light level. 
[0004] Referring to Figure 1, a computer 10 has a left sensor 12 and a right 
sensor 14 disposed near the keyboard of the computer 10 for measuring the 
ambient light levels. However, due to the location of the sensors 12, 14, it is still 
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possible that ambient light received by the sensors 12, 14 will become blocked by 
the hands of the user while typing on the keyboard of the laptop 10. 
[0005] In order to determine whether light is blocking either one or both of the 
sensors 12, 14, the computer 10 monitors both signals. Referring to Figure 2, a 
flowchart showing the prior art process of measuring ambient light levels from the 
two sensors 12, 14 is shown. In step 100, measurements from the left sensor 12 
of the laptop computer 10 are digitally sampled. Typically, about six samples are 
taken in quick succession. In step 102, the high and low samples from the left 
sensor 12 are discarded, and in step 104 the remaining samples are averaged to 
determine an average ambient light level. 

[0006] In step 106, the value of the average ambient light level is compared to a 
previous average value that has been determined for the left sensor 12 in a 
previous cycle. Specifically, the percentage difference between the new average 
measurement and the previous measurement is found. If the new average ambient 
light measurement is at least +1-5% from the previously found measurement, then 
a notification is posted in step 108. 

[0007] The same process for measuring the ambient light level for the left sensor 
12 is also performed for the right sensor 14. Specifically, in step 110, six 
measurements of the ambient light from the right sensor 14 are digitally sampled. 
In step 112, the high and low samples are discarded, while in step 114, the 
average of the samples is computed. In step 116, the average value of the 
samples is compared to the average value previously found for the right sensor 14. 
In step 118, a notification is posted if the new average ambient light measurement 
is at least + /- 5% from the previously found measurement for the right sensor 14. 
[0008] If a notification has been posted in either step 1 18 or 108, then the 
brightness of the display backlight and/or the keyboard illumination source is 
adjusted. In step 120, the brightness of the backlight and/or keyboard illumination 
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sources is adjusted according to the highest measurement value from either the left 
or right sensors 12, 14. 

[0009] Referring to Figure 3, the signals generated by the left and right sensors 
12 and 14 are shown. A left sensor signal 16 and a right sensor signal 18 are 
generated by respective left and right sensors 12, 14. Typically, the level of the 
signals 16, 18 generated by the sensors 12, 14 will not be the same value due to 
variations of the ambient light detected. At time "A", the ambient light of the 
environment where the sensors are placed decreases. Accordingly, both of the 
sensor signals 16, 18 decrease at time "A". An output adjustment signal 20, is the 
higher value of the left and right signals 16, 18 and is used to adjust the brightness 
of the display backlight or the keyboard illumination source. Once the ambient 
light increases at time "B", then both the signals 16, 18 increase, as well as 
adjustment signal 20. 

[0010] The example shown in Figure 3 illustrates the case where the ambient 
light changes quickly for both sensors 12, 14 such as when the lights in a room are 
turned off. The rapid response of the adjustment signal 20 in this situation is 
desirable so that the brightness of the display is correct. When the lights in the 
room are turned back on, the brightness of the display is adjusted accordingly. 
[0011] An example where a shadow blocks the ambient light to only one of the 
sensors is shown in Figure 4. At time " A' " in Figure 4, the ambient light to the 
left sensor 12 is blocked. As can be seen, the signal 16 from the left sensor 12 
decreases rapidly. However, the signal 18 from the right sensor 14 remains 
constant. At time "B", the shadow over the left sensor 12 is removed and the 
signal 16 rapidly increases. 

[0012] As previously discussed, the adjustment signal 20 is based on the higher 
of the signals from the left and right sensors 12 and 14. As seen in Figure 4, the 
adjustment signal 20 decreases sharply at time "A" to the value of the right signal 
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18. Similarly, the adjustment signal 20 increases sharply to the value of the of the 
left signal 16 at time n B". The sharp increase and decrease in the adjustment 
signal can cause the brightness of the display to increase or decrease rapidly. The 
adjustment of the brightness is not really necessary because the ambient light level 
has not changed. However, if there is a difference in ambient light level 
measurements between the left sensor 12 and the right sensor 14, and the ambient 
light to one of the sensors is blocked, the display brightness will change rapidly as 
it adjusts to the higher of the two signals 16, 18. This rapid adjustment can be 
annoying to the user of the computer 10. 

Summary of the Invention 

[0013] There is needed a method of filtering out the effects of shadows in order 
to adjust the brightness of the display accurately. Specifically, the rate at which 
the brightness of the display backlight and keyboard illumination should be varied 
depending upon whether a shadow is crossing over the sensors or the ambient light 
is actually changing. 

[0014] In accordance with the present invention, there is provided a system for 
measuring ambient light levels. The system has a first sensor for measuring a first 
ambient light level and a second sensor for measuring a second ambient light level. 
A processor in communication with the first and second sensors is configured to 
determine a relative intensity change in the ambient light levels for both the first 
and second sensors. The processor determines an ambient stability probability 
using the relative intensity changes in order to calculate first and second filtered 
ambient light levels that may be used to adjust the brightness of a keyboard 
illumination source, or the brightness of the display, or any other light related 
control. 
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[0015] The brightness is adjusted according to the higher of the first and second 
filtered ambient light levels. The relative intensity change is found by comparing 
the value of the ambient light level to a previous ambient light level for each of the 
sensors. The ambient stability probability is found by using the relative intensity 
change for each of the first and second sensors as input to a lookup table that gives 
the probability that the ambient light level is stable. 

[0016] In accordance with the present invention, there is provided a method of 
determining an ambient light level with a first and second sensor. A first ambient 
light level is determined with the first sensor. Next, a first relative intensity 
change is computed for the first ambient light level. A second ambient light level 
and a second relative intensity change for the second ambient light level is 
computed. A probability of a change in the ambient light levels is determined in 
response to the first relative intensity change and the second relative intensity 
change. The measured first and second ambient light levels are then adjusted in 
response to the probability of a localized change in order to generate first and 
second filtered ambient light levels. The rate of adjustment is proportional to the 
probability of a change in the ambient light levels. 

Brief Description of the Drawing Figures 

[0017] These, as well as other features of the present invention, will become 
more apparent upon reference to the drawings wherein: 

Figure 1 illustrates a laptop computer having light sensors 
disposed near the keyboard; 

Figure 2 is a flowchart illustrating a prior art method of 
determining ambient light levels with the sensors shown in Figure 1 and 
adjusting the brightness of a display and/or keyboard illumination source; 
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Figure 3 illustrates the signals generated by the sensors for a 
change in the ambient light level using the method shown in Figure 2; 

Figure 4 illustrates the signals generated by the sensors for a 
shadowing event using the method shown in Figure 2; 

Figure 5 is a conceptual block diagram for the computer shown in 
Figure 1; 

Figure 6 is a flowchart illustrating a method of determining 
ambient light levels according the present invention; 

Figure 7 illustrates the signals generated by the sensors for a 
shadowing event using the method of the present invention; and 

Figure 8 illustrates the signals generated by the sensors for a 
change in the ambient light level using the method of the present 
invention. 

Detailed Description of the Invention 

[0018] Referring now to the drawings wherein the showings are for purposes of 
illustrating a preferred embodiment of the present invention only, and not for 
purposes of limiting the same, Figure 5 is a conceptual block diagram for the 
computer 10 shown in Figure 1. The computer 10 has a central processing unit 
(CPU) 22, memory 24 (e.g., RAM, ROM, hard disk, etc..) and I/O devices 28 
(e.g., keyboard, mouse, etc..) connected through a bus 26. Also connected to the 
bus 26 are the left and right sensors 12, 14, as well as a keyboard illumination 
source 30 and a display backlight 32. The keyboard illumination source generates 
light under the keyboard of the laptop computer 10 so that the keyboard is easier 
to see in low light situations. The display backlight 32 provides illumination to the 
display of the computer 10. Even though the present invention is being described 
as providing ambient light levels for use by laptop computer 10, it will be 
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recognized by those of ordinary skill in the art that the present invention can also 
be adaptable to other devices, or to other light-related controls of such devices. 
For example, the method of sensing ambient light of the present invention can also 
be used to adjust the brightness of other devices such as televisions, lights, 
handheld devices, etc., or could be used to control enclosure, lighting, video 
conferencing camera sensitivity, music volume etc. Further, although the system 
components in Figure 5 are illustrated as being connected to a single bus, the 
invention is not limited to any particular architecture. 

[0019] The CPU 22 executes instructions stored on memory 24 in order to 
control the brightness of the display backlight 32 and the keyboard illumination 
source 30. The left and right sensors 12, 14 generate ambient light level signals 
which are processed by the CPU 22 in order to control the brightness of the 
keyboard illumination source 30 and the display backlight 32. 
[0020] Referring to Figure 6, the method for adjusting the brightness of the 
display backlight 32 and keyboard illumination source 30 of the present invention 
is shown. In step 202, the ambient light measurement from the left sensor 12 is 
digitally sampled. At a suitable sampling frequency such as every 100 ms, a 
single (10 bit + gain setting) analog-to-digital (A/D) sample is taken from the left 
sensor 12. After five samples have been taken (e.g., after 500 ms), in step 204 the 
high and low measurements of the samples are discarded, thereby leaving three 
samples. In step 206, the remaining three samples are averaged to determine an 
averaged ambient light level for the left sensor 12. Typically, the value of the 
measurement from the left sensor 12 ranges from 0 to 2500. 
[0021] In step 210, the relative intensity change for the averaged ambient light 
level is determined every 200 ms. Specifically, the relative intensity change is 
calculated as a percentage difference according the following formula: 

Relative Intensity Change (%) = (Reading - Filtered)/Filtered (1) 
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wherein: 

Reading = current averaged ambient light level found in step 
206; and 

Filtered = previous filtered ambient light level from step 224 of 
the previous processing cycle, as will be further explained. 
[0022] While the measurements from the left sensor 12 are being processed, the 
measurements from the right sensor 14 are also being processed. Every 100 ms, a 
single (10 bit + gain setting) A/D sample from the right sensor 14 is taken in step 
212. After five samples have been taken, then the high and low measurements are 
discarded in step 214. The remaining three samples are averaged in step 216 to 
generate an averaged ambient light level for the right sensor 14. Typically, the 
value of the measurement from the right sensor 14 ranges from 0 to 2500. 
[0023] In step 220, the relative intensity change for the averaged ambient light 
level is determined every 200 ms for the right sensor 14. The relative intensity 
change is calculated according to equation (1). Specifically, the current averaged 
ambient light level and the previous filtered ambient light level (from step 226 of 
the previous cycle) for the right sensor 14 are used in equation (1) to determine the 
relative intensity change. 

[0024] Once both relative intensity changes for the averaged ambient light levels 
have been found in steps 210 and 220, the ambient stability probability is 
determined in step 222. For example, if the ambient light level from one of the 
sensors 12, 14 remains constant while the other changes, then there is a high 
probability that the ambient light level is stable and that a shadowing or blinding 
(i.e, bright light flash) event has occurred. During this type of event, the 
brightness of the keyboard illumination source 30 and the display backlight 32 
should not be changed rapidly because in all likelihood the actual level of the 
ambient light is not changing. 
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[0025] On the other hand if the ambient light level from both sensors 12, 14 
changes significantly, then there is a high probability that the ambient light level 
for the environment is actually changing. In this instance, the brightness of the 
keyboard illumination source 30 and the display backlight 32 should change 
rapidly because in all likelihood the actual level of the ambient light is changing. 
[0026] In an embodiment of the invention, a lookup table is used to determine 
the probability that the ambient light is stable. One example of a lookup table for 
the ambient stability probability is shown in TABLE I. The relative intensity 
change found in step 210 for the left sensor 12 is used to select the rows of 
TABLE I. Similarly, the relative intensity change found in step 220 for the right 
sensor 14 is used to select the columns of TABLE I. The intersection between the 
selected column and row in TABLE I determines the ambient stability probability. 
A single ambient stability probability is obtained and applied to the ambient light 
signals of both the left and right sensors 12, 14. 
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50% 


20% 


Left: -4% to +4% 


90% 
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95% 


90% 


90% 


Left: 

+ 5% to +30% 


20% 


50% 


90% 


50% 


20% 


Left: 

More than +30% 


0% 


20% 


90% 


20% 


0% 



TABLE I 



[0027] After the correct ambient stability probability is located in Table I, then a 
filtered averaged ambient light level for the left sensor 12 is determined in step 
224. Similarly, a filtered averaged ambient light level for the right sensor 14 is 
determined in step 226. The ambient stability probability found in step 222 is used 
to determine the filtering algorithm to use from Table II. As the probability of 
the ambient light level being steady increases, then the responsiveness of the 
display backlight 32 and keyboard illumination source 30 should decrease. Using 
the ambient stability probability, the amount of adjustment to be applied to the 
current ambient light level from the sensors 12, 14 can be found. The amount of 
adjustment is equal to a previous filtered ambient light level found in step 224 for 
the left sensor 12 and step 226 for the right sensor multiplied by a factor 
responsive to the ambient stability probability. For example, as the ambient 
stability probability increases, the factor decreases, thereby lowering the amount of 
adjustment. 
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Ambient Stability 
Probability 

(from Table I) 


Filtering Algorithm 


0% 


Filtered = Reading 


20% 


Adjustment = 0.02 x Filtered 


50% 


Adjustment = 0.01 x Filtered 


90% 


Adjustment = 0.004 x Filtered 


95% 


Adjustment = 0.002 x Filtered 



TABLE II 



[0028] The filtered average measurement is determined every 200 ms for both 
the left and right sensors 12, 14 in steps 224, 226 respectively. Specifically, Table 
II determines the amount of adjustment to be applied to the measurements from the 
sensors 12, 14. For example, if the ambient stability probability is 0%, then the 
filtered reading is equal to the actual reading from the light sensor such that a fast 
response for the display backlight 32 and keyboard illumination source 30 is 
achieved. However, if the ambient stability probability is high (i.e., around 90% - 
95%), then the filtered reading will be the current measurement minus a portion of 
the previous reading. In other words, for high ambient stability probabilities, the 
rate of change between measurements is filtered to be slowed down. It will be 
apparent that the invention is not limited to a calculation of a probability per se, 
but other measures of lighting stability over time may likewise be used to practice 
the invention. 

[0029] If the amount of adjustment determined from Table II is less than one, 
then the adjustment is set to be equal to one for ease in processing. Specifically, 
in low light situations where the measurements from the sensors 12, 14 are low, 
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then the adjustment value will also be very low. In order to simplify the 
determination of the filtered averaged measurement, it is possible to set the 
adjustment to one because any value less than one is imperceptible to the user. 
[0030] Once the amount of the adjustment has been calculated, it is applied to 
the averaged measurement. Specifically, for each left and right sensor 12, 14, if 
the averaged measurement is less than the previous filtered measurement, then the 
new filtered measurement is equal to the previous filtered measurement minus the 
adjustment. The filtered measurement will decrease at a rate in proportion to the 
ambient stability probability. 

[0031] In the case where the averaged measurement is greater than the previous 
filtered measurement, then the new filtered measurement is equal to the previous 
filtered measurement plus the adjustment. The filtered measurement will increase 
at a rate in proportion to the ambient stability probability. 
[0032] Once the filtered measurements are determined for both of the left and 
right sensors 12, 14, the values are used to adjust the brightness of the display 
backlight 32 and the keyboard illumination source 30 every 200 ms in step 228. 
Specifically, the highest value between the filtered measurements from the left and 
right sensors 12, 14 are used to determine the brightness of the keyboard 
illumination source 30 and the display backlight 32. Alternatively, it is possible to 
only adjust the brightness of the keyboard illumination source 30 and the display 
backlight 32 when the new filtered measurement varies by a prescribed amount 
from a previous value (e.g., more than 1%). 

[0033] Referring to Figure 7, an example of the signals from the left and right 
sensors 12, 14, as well as the filtered measurements, is shown for the situation 
where a shadowing event occurs over the left sensor 12. In this example, the left 
sensor 12 generates a left measurement signal 40 that is temporarily blocked at 
time "A". Accordingly, the left measurement signal decreases in value quickly. 
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However, a right measurement signal 42 from the right sensor 14 does not 
decrease because the ambient light to the right sensor 14 is not blocked. The 
ambient stability probability signal 44 is at 95% before time "A" because neither 
the left or right measurement signals 40, 42 are changing. However, once the 
light to the left sensor 12 is blocked, then the stability probability signal 44 drops 
to 90%. As previously mentioned, the ambient stability probability is determined 
by finding the relative intensity change for the left and right measurement signals 
40, 42 and using Table I. 

[0034] With the ambient stability probability being 90%, then the adjustment 46 
to be applied to the left measurement signal 40 is relatively low. Specifically, 
using Table II, the adjustment is equal to 0.004 of the previous filtered reading. 
The adjustment is subtracted from the previous filtered reading in order to 
determine a new filtered reading. As seen in Figure 7, the filtered reading 48 for 
the left signal 40 decreases slowly after time "A". 

[0035] At time "B", the shadowing event is removed from the left sensor 12, 
such that the left measurement signal 40 increases above the filtered measurement 
signal 48. At this time, the ambient stability probability signal 44 returns to 95% 
and the filtered measurement signal 48 will slowly increase. Furthermore, at time 
M B, the adjustment signal 46 decreases. 

[0036] The right measurement signal 42 never sharply decreases during the 
shadowing event between time "A" and "B". Accordingly, the right filtered 
measurement signal 50 oscillates around the right measurement signal 42. The 
oscillation is caused because a small adjustment is always being applied according 
to the adjustment found in TABLE II. However, because the right measurement 
signal 42 is steady, the oscillations of the right filtered measurement signal 42 will 
also be steady. 



-13- 



PATENT 
Atty Dkt. No. P3 120-937 

[0037] The brightness of the keyboard illumination source 30 and display 
backlight 32 is determined from the higher of the two filtered measurement signals 
48, 50. Accordingly, for the example shown in Figure 7, the left filtered 
measurement signal 48 is used to control the brightness. The left filtered 
measurement signal 48 slowly decreases and increases such that any change in the 
brightness of the keyboard illumination source 30 and the display backlight 32 in 
response thereto is imperceptible to the user because the rate of change is slow. 
[0038] Referring to Figure 8, an example where the ambient light to both the 
left and right sensors 12, 14 is blocked is shown. In this example, both the left 
measurement signal 40 and the right measurement signal 42 decrease sharply at 
time "A". The ambient stability probability decreases from 95% to 0%. As seen 
from Table II, when the probability is 0%, then the filtered measurement is equal 
to the current averaged measurement such that both the filtered measurement 
signals 48, 50 will rapidly decrease to the value of respective left and right 
measurement signals 40, 42. After the left and right measurement signals 48, 50 
decrease, the signals 48, 50 remain steady, thereby increasing the ambient stability 
probability to 95%. Because both ambient light sensors 12, 14 return to a 
previous value at time "B", the filtered measurement signals 48, 50 also rapidly 
return to the same value. Accordingly, as seen by Figure 8, both filtered 
measurement signals 48, 50 rapidly adjust to the change in ambient lighting 
conditions. As both the filtered measurement signals 48, 50 increase and decrease 
rapidly, the brightness of the display backlight 32 and keyboard illumination 
source 30 rapidly change in response to the changes in the ambient light levels. 
[0039] Additional modifications and improvements of the present invention may 
also be apparent to those of ordinary skill in the art. Thus, the particular form of 
the invention described and illustrated herein is not intended to serve as limitations 
of alternative forms within the spirit and scope of the invention. 
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